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PREFACE 

S i n c e  1969, t h e  Bureau of Mines, U.S. Department of I n t e r i o r ,  has 
sponsored numerous programs aimed a t  improving methods of underground 
communication. As a  r e s u l t  of t h e s e  r e s e a r c h  and development programs, 
a  w e a l t h  of in fo rmat ion  has  been made a v a i l a b l e  t o  t h e  mining i n d u s t r y .  
U n f o r t u n a t e l y ,  some of t h i s  m a t e r i a l  i s  h i g h l y  a n a l y t i c a l ,  and most i s  
w r i t t e n  i n  terms b e s t  unders tood by communication s p e c i a l i s t s .  Because 
of t h e  volume of d a t a  (over  100 s t u d i e s  have been performed) and i t s  
h i g h l y  t e c h n i c a l  n a t u r e ,  most of t h e  i n f o r m a t i o n  is  n o t  r e a d i l y  a v a i l -  
a b l e  f o r  p r a c t i c a l  a p p l i c a t i o n  by mine o p e r a t o r s .  This  manual b r i n g s  
t o g e t h e r  r e l e v a n t  d a t a  from a l l  p rev ious  r e p o r t s ,  s t u d i e s ,  and o t h e r  
s o u r c e s ,  and p r e s e n t s  t h e s e  d a t a  i n  such  a  way t h a t  they  may be a p p l i e d  
by t h e  mining i n d u s t r y  t o  improve communications i n  underground mines. 

T h i s  r e p o r t  i s  i n t e n d e d  a s  a  g u i d e l i n e  and n o t  a s  a  comprehensive 
documentary of mine equipment. I n s t a l l a t i o n  of equipment i n  a  mine 
shou ld  be done only  by people  thoroughly q u a l i f i e d  t o  do such work. 
I n s t a l l a t i o n s  shou ld  f o l l o w  procedures  recommended by t h e  equipment man- 
u f a c t u r e r  and should comply w i t h  good s a f e t y  p r a c t i c e s .  A l l  i n s t a l l a -  
t i o n s  shou ld  a l s o  comply w i t h  a p p l i c a b l e  codes and r e g u l a t i o n s .  
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CHAPTER 1.--INTRODUCTION 

1.1 History of Underground 
Communications 

Although the technology involved in 
removing material from below the earth's 
surface has a long history, communication 
systems in underground workings are rela- 
tively new to the industry. Communica- 
tion equipment did not begin appearing in 
underground mines until the early 1900's. 
Figure 1-1 shows a miner using a Western 
Electric standard telephone set for 
underground mines in 1913. These early 
phones were essentially the same as those 
used aboveground, except that they were 
enclosed in cast-iron boxes as protection 
against moisture, acid fumes, and gases. 

In the 1950's, the Chesapeake and 
Potomac Telephone Co. of West Virginia 
introduced a telephone set for use in 
explosive atmospheres that was designed 
around the philosophy of explosion 
containment. To contain an explosion 
within the telephone set required a 
39-pound casing, which greatly limited 
portability. 

FIGURE 1-1. - Coal miner talking on on under- 
ground telephone in 1913. 

Both of these telephone sets 
required "pipe" or conduit, not a very 
practical item for a 100-squaremile coal 
mine. A common thread prevalent in the 
first 40 years of design and development 
is that the primary effort was placed on 
the telephone set. 

In the early 19701s, as work began 
on the design of modern communication 
systems for use in underground mine 
environments, the following requirements 
were established: 

1. Must meet intrinsic safety 
standards .--This applies not only to 
coal mines, but to other explosive 
environments. 

2. Must be compatible with the 
environment.--The system must with- 
stand dust, moisture, and corrosive 
conditions. 

3. Must be rugged in structure.-- 
The system must withstand maintenance by 
10-inch pliers and 4-pound hammers, as 
well as impact from a falling piece of 
roof. 

4. Must be size-flexible.--Whatever 
is built must be sized for the small 
operator as well as the large companies. 

5. Must be a total system in 
design.--The system must be intrinsically 
safe, including cable, power supply, and 
station set. 

6. Must work with present tele- 
phone system.--The system should be com- 
patible with aboveground communications 
already in place; it should not be the 
single cause of change in aboveground 
communications. 

7. Value-added pricing.--The system 
should be reasonably priced so that sav- 
ings created by its introduction will 
more than offset the installation cost. 



8. F u l l - s e r v i c e  f u l l - s u p p o r t  con- 
cept.--The s e r v i c e  o f f e r i n g  t h e  sys tem 
must p r o v i d e  f o r  maintenance,  t r a i n i n g  
( i n i t i a l  and c o n t i n u i n g ) ,  r o u t e  d e s i g n ,  
and t r a n s m i s s i o n  e n g i n e e r i n g .  

I n  r e c e n t  h i s t o r y ,  t h e  most common 
method of underground mine communications 
c o n s i s t e d  of loudspeaking- o r  paging- 
t y p e  t e l e p h o n e s ,  o r  a l t e r n a t i v e l y ,  mag- 
n e t o  r i n g i n g  t e l ephones .  I n  most c a s e s  
t h e s e  phones were connected on a common 
p a r t y  l i n e  w i t h  one t e l e p h o n e  f o r  e a c h  
working s e c t i o n  and a d d i t i o n a l  phones a t  
o t h e r  key l o c a t i o n s ,  such a s  maintenance 
s h o p s ,  bo th  underground and on t h e  s u r -  
f a c e .  A s  mining o p e r a t i o n s  became more 
mechanized,  underground r a i l  hau lage  sys -  
t e m s  were developed.  E v e n t u a l l y ,  t h e s e  
were d r i v e n  by e l e c t r i c a l l y  powered loco-  
m o t i v e s ,  and t r o l l e y  c a r r i e r  c u r r e n t  com- 
munica t ion  sys tems were developed.  While 
a  few mines have begun t o  u s e  d i a l - t y p e  
t e l e p h o n e s  underground, t h e i r  u s e  t o  d a t e  
h a s  been ve ry  l i m i t e d .  It i s  expec ted ,  
however, t h a t  more and more mines w i l l  
i n s t a l l  dial-and-page t e l e p h o n e s  and 
rad io - type  communication sys tems i n  t h e  
f u t u r e .  Today's  r a i l  t r a n s p o r t a t i o n  s y s -  
tems a r e  t y p i c a l l y  equipped w i t h  c a r r i e r  
c u r r e n t  phones t o  p r o v i d e  communications 
between v e h i c l e s  and between v e h i c l e s  and 
a  c e n t r a l  d i s p a t c h e r .  

E a r l y  s h a f t  communications c o n s i s t e d  
of  b e l l s  o r  w h i s t l e  s i g n a l i n g  sys tems.  
Today t h e s e  sys tems have been r e p l a c e d  
w i t h  r a d i o  and c a r r i e r  c u r r e n t  sys tems 
t h a t  a l l o w  two-way v o i c e  communication t o  
and f rom p e r s o n n e l  i n  t h e  cage.  

It i s  recogn ized  t h a t  p r e s e n t l y  
a v a i l a b l e  mine communication systems need 
improvement. Kesearch and development 
programs a r e  c o n t i n u a l l y  be ing  conducted 
by t h e  Bureau of Mines, t h e  mining indus-  
t r y  , and equipment manufac tu re r s  t o  
improve communication technology and 
t e c h n i q u e s .  The primary o b j e c t i v e  of a l l  
o f  t h e s e  programs i s  t o  i n c r e a s e  t h e  pro- 
d u c t i v i t y  of t h e  mining i n d u s t r y  and 
i n c r e a s e  t h e  s a f e t y  of miners .  

1.2 P r o d u c t i v i t y  and S a f e t y  

Underground mining o p e r a t i o n s ,  l i k e  
o t h e r  i n d u s t r i a l  e n t e r p r i s e s ,  a r e  t i e d  
t o g e t h e r  by communications. Adequate 
communication w i t h i n  a  mine and between 
t h e  s u r f a c e  and t h e  underground work s t a -  
t i o n s  i s  a  v i t a l  p a r t  of t h e  p roper  
o p e r a t i o n  of any underground f a c i l i t y .  
Th i s  communication c a p a b i l i t y  i s  n o t  only  
a n  i m p o r t a n t  f a c t o r  i n  t h e  concept  of 
s a f e t y ,  bu t  a l s o  i s  a n  a i d  t o  t h e  day- 
to-day o p e r a t i o n s  and t h e  t a s k  of 
e x t r a c t i n g  and moving t h e  p roduc t  t o  t h e  
s u r f a c e .  I f  a  r a p i d ,  a c c u r a t e  f low of 
d a t a  i s  a u t o m a t i c a l l y  and con t inuous ly  
p r e s e n t e d  t o  management, t h e n  d e c i s i o n s  
can be made sooner  and more a c c u r a t e l y .  
Some people  c o n s i d e r  t h e  o p e r a t i o n  of a  
mine t o  be a  r e l a t i v e l y  s t a t i c  o p e r a t i o n  
planned many months, even y e a r s ,  i n  
advance. However, t h e  p r o d u c t i v e  t ime 
p e r  s h i f t  and p r o d u c t i v i t y  t r e n d s  i n d i -  
c a t e  t h a t  a  l a r g e  amount of was te  t i m e  
accumulates  due t o  u n p r e d i c t a b l e  d a i l y  
e v e n t s .  I f  management were aware of 
breakdowns w i t h i n  minu tes ,  a t t e n t i o n  
could  be more q u i c k l y  focused  on s o l v i n g  
t h e  problems, the reby  i n c r e a s i n g  long- 
t e r m  p roduc t ion .  

S a f e t y  can  c e r t a i n l y  be enhanced by 
a c c u r a t e  f a s t  communication channels .  
Quicker medica l  a s s i s t a n c e ,  f a s t e r  eva lu -  
a t i o n  of t h e  s i t u a t i o n  underground, and 
a c c u r a t e  l o c a t i o n  of problems w i l l  be 
d i r e c t  b e n e f i t s .  I n  a d d i t i o n  t o  t h e s e  
obvious  advan tages ,  remote moni to r ing  and 
c o n t r o l  of equipment and c o n d i t i o n s  
underground w i l l  a l l o w  management per-  
s o n n e l  t o  p reven t  a c c i d e n t s  and o t h e r  
causes  of p r o d u c t i o n  l o s s e s .  

A s tudy  of 9,300 i n j u r y - c a u s i n g  ,r 

a c c i d e n t s  t h a t  occur red  i n  underground 
bi tuminous  c o a l  mines d u r i n g  1974 found 
t h a t  t h e  f i n a n c i a l  c o s t  t o t a l e d  a lmos t  
$57 m i l l i o n ,  o r  a n  average  of $6,100 p e r  
a c c i d e n t .  This  f i g u r e  d i d  n o t  i n c l u d e  
t h e  i n t a n g i b l e  c o s t  of reduced e f f i c i e n c y  
i n  f e l l o w  workers r e s u l t i n g  from t h e  
a c c i d e n t .  The s tudy  d e t e c t e d  a  marked 



tendency of mine crews i n  o r  near  t h e  
a r e a  where t h e  a c c i d e n t  occur red  t o  slow 
down t h e i r  pace of ope ra t i ons  f o r  a  
p e r i o d  of t ime,  e s p e c i a l l y  a f t e r  a  s e r i -  
ous  a c c i d e n t ;  consequent ly ,  p roduc t ion  
would drop. Such a  drop was i n  a d d i t i o n  
t o  t h e  a c c i d e n t  i t s e l f ,  and t o  t h e  t ime 
r e q u i r e d  t o  c l e a n  up a f t e r  t h e  acc iden t .  
About 41%, o r  a n  e s t ima ted  $23.6 m i l l i o n ,  
of  t h e  t o t a l  ( c u r r e n t  and f u t u r e )  c o s t  of 
underground c o a l  mine a c c i d e n t s  i n  1974 
was borne by mining companies i n  t h e  form 
of compensation payments t o  a c c i d e n t  v i c -  
t ims and s u r v i v o r s ,  l o s t  c o a l  p roduc t ion ,  
and t h e  expense of i n v e s t i g a t i n g  t h e  
acc iden t s .  Any dev ices  o r  t echniques ,  
i n c l u d i n g  good communication systems, 
t h a t  w i l l  reduce a c c i d e n t s  w i l l  qu ick ly  
pay f o r  themselves.  

The evo lu t i on  of mining technology,  
i n c l u d i n g  underground commnica t ions ,  is  
i n e v i t a b l e  a s  c o a l  assumes a  more s i g -  
n i f i c a n t  r o l e  i n  t h e  n a t i o n a l  energy 
plan. Another f a c t o r  t h a t  w i l l  a i d  t h i s  
development i s  t h e  a p p l i c a t i o n  of modern 
remote c o n t r o l  and monitor ing methods t o  
i n c r e a s e  production. Advances i n  remote 
moni tor ing  and c o n t r o l  of equipment and 
cond i t i ons  underground w i l l  i nvo lve  
i n c r e a s e d  u se  of computers. Mine moni- 
t o r i n g  systems u s ing  a  computer have 
a l r eady  been i n s t a l l e d  i n  some mines. 
B a s i c a l l y ,  t h e s e  systems c o n s i s t  of 
s e n s o r s  p laced  a t  s t r a t e g i c  l o c a t i o n s ,  
d a t a  r e l a y  s t a t i o n s ,  and a  d i g i t a l  com- 
p u t e r i n  t h e  mine o f f i c e .  The computer 
i s  programed t o  p rocess  t h e  d a t a ,  d e t e r -  
mine when and where abnormal cond i t i ons  
e x i s t ,  and a l e r t  mine personnel .  

S i x  t ypes  of s enso r s  i n  common use  
d e t e c t  methane, carbon monoxide, tempera- 
t u r e ,  r e l a t i v e  humidi ty ,  a i r f l o w ,  o r  d i f  - 
f e r e n t i a l  a i r  p ressure .  Systems can 
i nc lude  an  e l e c t r o n i c  d i s p l a y  of t h e  mine 
l a y o u t ,  e l e c t r i c  t ypewr i t e r s ,  and v ideo  
d i s p l a y  sc reens  connected t o  t h e  com- 
pu te r .  The computer r ece ives  d a t a  from 
t h e  remote s t a t i o n s  i n  t h e  form of e l ec -  
t r i c a l  s i g n a l s ,  which a r e  t r a n s l a t e d  i n t o  
numerical  measurements and checked 
a g a i n s t  a  s e t  of s t anda rds  t o  s e e  i f  a l l  
f a c t o r s  a r e  w i t h i n  normal limits. I f  any 
f a c t o r s  a t  a  remote s t a t i o n  exceed normal 

limits, an  a la rm may be i n i t i a t e d .  A t  
t h e  same t ime,  t h e  e l e c t r i c  t ypewr i t e r  
connected t o  t h e  computer t ypes  ou t  
e i t h e r  a  warning o r  a  danger message t o  
s p e c i f y  what i s  wrong and a t  which s enso r  
t h e  t r o u b l e  i s  be ing  de t ec t ed .  

I n  t h e  United Kingdom, a  commercial 
mine monitor ing and c o n t r o l  system, MINOS 
(Mine Operat ing System), i s  being devel-  
oped. The h e a r t  of t h e  system i s  a  d i g i -  
t a l  computer ( f i g .  1-2) l o c a t e d  w i t h i n  
t h e  system c o n t r o l  c en t e r .  This  computer 
i s  programed t o  o b t a i n  va r ious  d a t a  from 
remote s enso r s  and monitor t h e  s a t i s -  
f a c t o r y  ope ra t i on  of t h e  mine, g iv ing  
aud ib l e  and v i s u a l  alarms a s  w e l l  a s  
i n i t i a t i n g  au tomat ic  shutdown of equip- 
ment when necessary.  Control  of t h e  con- 
veyor system inc lud ing  s t a r t u p ,  shutdown, 
and f eed  r a t e  is  a l s o  poss ib le .  P r i n t -  
o u t s  and d a i l y  summaries of s p e c i f i e d  
in format ion  a r e  ou tpu t t ed  au toma t i ca l l y  
o r  a r e  a v a i l a b l e  on demand by key- 
board commands en t e r ed  a t  t h e  system 
cen t e r .  Remote c o n t r o l  and monitor ing 
of s u r f a c e  f a c i l i t i e s  and p repa ra t i on  
p l a n t s  a s  w e l l  a s  underground equipment 
such a s  pumps and f a n s  can a l s o  be 
accomplished w i t h  t h e  computer-controlled 
systems. 

Any remote monitor and c o n t r o l  sy s -  
tem i s  r e l a t i v e l y  s o p h i s t i c a t e d ,  and an  
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FIGURE 1-2. - MlNOS system center. 



economic a n a l y s i s  of t h e  t radeof  f  s 
involved i n  t h e  mechanization i s  
requi red .  However, minewide remote moni- 
t o r i n g  and c o n t r o l ,  coupled wi th  an 
e f f e c t i v e  commnicat ion system, i s  one of 
t h e  t o o l s  t h a t  can be used t o  i n c r e a s e  
s a f e t y  and p roduc t iv i t y  i n  underground 
mines. 

1.3 Cons t r a in t s  on Equipment 

The environmental c o n s t r a i n t s  on 
equipment expected t o  ope ra t e  i n  any 
underground mine a r e  severe.  Equipment 
designed f o r  s u r f a c e  opera t ion ,  even i f  
i t  would work underground, could no t  be 
expected t o  l a s t  f o r  any l eng th  of time 
i n  t h e  ha r sh  mine environment. 

Equipment must be p ro t ec t ed  from, o r  
immne t o ,  h igh-mois ture  atmospheres ( 0  
t o  100% humidity l e v e l s )  and remain oper- 
a b l e  over  wide temperature  ranges.  Dust 
can  be expected t o  c log  a i r f l o w  passages,  
plug r e l a y  con tac t s ,  and cause swi tches  
t o  s t i c k .  Dust accumulation o n e l e c -  
t r o n i c  components can a l s o  cause h e a t  
bu i ldup  and even " sho r t  c i r c u i t s .  " Some 
mine atmospheres a r e  highly co r ros ive ,  
and equipment i n  t h e s e  mines must be con- 
s t r u c t e d  from m a t e r i a l s  t h a t  a r e  r e s i s t -  
a n t  t o  t h e  cor ros ion ,  o r  e l s e  p ro t ec t ed  
from it .  The very dry atmosphere i n  some 
mines causes  gaske ts  and s e a l s  t o  qu ick ly  
dry ou t  and s t a r t  leaking.  S t a t i c  e l ec -  
t r i c i t y  i n  t h e s e  mines can a l s o  pose a  
problem f o r  c e r t a i n  types  of s o l i d  s t a t e  
e l e c t r i c a l  c i r c u i t s .  

In  a d d i t i o n  t o  t h e  environmental 
c o n s t r a i n t s ,  phys i ca l  cons ide ra t i ons  must 
be taken  i n t o  account. Space i s  o f t e n  a t  
a  premium i n  underground mines, espe- 
c i a l l y  i n  low c o a l  seams. Commnica- 
t i o n s ,  c o n t r o l ,  and monitoring equipment 
must be sma l l  i n  s i z e  and should be l i g h t  
i n  weight. Because i t  rmst e x i s t  i n  
c l o s e  proximity w i th  heavy mining machin- 
e r y ,  commnicat ion equipment must a l s o  be 
ruggedly designed and shock protected.  
R e l i a b i l i t y  and e a s e  of maintenance a r e  
o t h e r  reasons  why most equipment designed 
f o r  s u r f a c e  ope ra t i on  cannot be u t i l i z e d  
i n  underground mines. 

Much of t h e  comnunication equipment 
i n  c o a l  mines today i s  loca t ed  i n  ven t i -  
l a t e d  a r e a s  where t h e r e  i s  l e s s  l i k e l i -  
hood of an explosion. However, i f  a  ven- 
t i l a t i o n  system i s  requi red  t o  c o n t r o l  
t h e  gas  o r  dus t  hazard and b a s i c  comnuni- 
c a t i o n s  must be maintained i n  t h e  event  
of a  v e n t i l a t i o n  f a i l u r e ,  then  t h i s  com- 
munication equipment must no t  be capable  
of gene ra t i ng  an  i g n i t i o n  spark. Thus, 
much of today ' s  mine commnicat ion equip- 
ment c a r r i e s  a  "Pe rmis s ib i l i t y "  l a b e l  
g ran ted  by t h e  Mine Safe ty  and Health 
Administration. To achieve t h e  permissi-  
b i l i t y  r a t i n g  without  explosion-proof 
packaging, a l l  sources  of sparks  must be 
c o n t r o l l e d  by l i m i t i n g  vo l t ages ,  cur- 
r e n t s ,  and t h e  amounts of s t o r e d  energy-- 
such a s  i n  b a t t e r i e s ,  c apac i to r s ,  and 
inductors--to s a f e  l e v e l s .  Such a  device 
i s  def ined  a s  " i n t r i n s i c a l l y  s a f e .  " 

The amount of spark c u r r e n t  i n  a  
r e s i s t i v e  c i r c u i t  requi red  t o  i g n i t e  
a  methane-air mixture  v a r i e s  wi th  t h e  
open-c i rcu i t  vol tage.  Guidel ines  t o  
s a f e  ope ra t i ng  l i m i t s ,  such a s  shown 
i n  f i g u r e  1-3, i n d i c a t e  a  hazard a t  
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2  amperes i n  a  20-volt  r e s i s t i v e  c i r c u i t .  
However, no g r e a t e r  hazard  e x i s t s  w i t h  
1 0  amperes i n  a 12-volt  r e s i s t i v e  c i r -  
c u i t .  When r e a c t i v e  c i r c u i t s  ( c i r c u i t s  
w i t h  i n d u c t o r s  o r  c a p a c i t o r s )  o r  energy 
s t o r a g e  e lements  ( b a t t e r i e s )  a r e  con- 
s i d e r e d ,  l i m i t s  on s a f e  c i r c u i t  d e s i g n  
a r e  even t i g h t e r .  These s a f e t y  cons ider -  
a t i o n s  have d i r e c t e d  t h e  d e s i g n  of a l l  
t h e  " p e r m i s s i b l e "  communication d e v i c e s  
on  t h e m a r k e t  today.  O n e o f  t h e m o s t  
r e c e n t  pager-type phones does not  c o n t a i n  
any i n d u c t i v e  components o t h e r  t h a n  t h e  
s p e a k e r  and handse t  and u s e s  only  a  
s i n g l e  12-vol t  b a t t e r y .  

I n  gassy  mines,  only  p e r m i s s i b l e  o r  
i n t r i n s i c a l l y  s a f e  communication equip- 
ment shou ld  be a c c e p t a b l e  f o r  u s e  i n  a l l  
l o c a t i o n s  under  a l l  c o n d i t i o n s .  

The p e r m i s s i b l e  r a t i n g  requirement  
r u l e s  o u t  u s e  of most systems des igned  
f o r  s u r f a c e  a p p l i c a t i o n s .  For i n s t a n c e ,  
a  p e r m i s s i b l e  r a t i n g  cannot  be g i v e n  t o  
a  s t a n d a r d  t e lephone  connected t o  a  
t e l e p h o n e  swi tchboard  because of h igh 
v o l t a g e s  (48 v o l t s  d c  w h i l e  on hook and 
a s  much a s  120 v o l t s  a c  whi le  r i n g i n g )  
and u s e  of many h i g h l y  i n d u c t i v e  d e v i c e s  
i n  t h e  c i r c u i t .  While p l a c i n g  t h e  t e l e -  
phone i n  a n  explosion-proof housing cou ld  
be  c o n s i d e r e d  a s  a  means of making 
i t  " p e r m i s s i b l e , "  t h e  c o s t  would be 
unreasonab le .  

Other  r e s t r i c t i o n s  on communication 
equipment used underground a r e  s p e c i f i e d  
i n  t h e  U.S. Code of F e d e r a l  Regula t ions  
(See  appendix B of t h i s  manual.) 

1.4 Communication Requirements 

I n  a n  i d e a l  communication system a n  
i n d i v i d u a l  should  be a b l e  t o  i n i t i a t e  and 
r e c e i v e  c a l l s  r e g a r d l e s s  of h i s  o r  h e r  
p o s i t i o n  i n  t h e  mine. To accomplish  
t h i s ,  more t h a n  one communication system 
may be r e q u i r e d .  Communication r e q u i r e -  
ments a r e  more r e a d i l y  d e f i n e d  by sep- 
a r a t i n g  t h e  underground personne l  i n  
present-day mine o p e r a t i o n s  i n t o  f o u r  
f u n c t i o n a l  groups:  

Working s e c t i o n  crew 

Maintenance crew 

Mot ormen 

I n s p e c t o r s  and management pe rsonne l  

The p o s i t i o n  of d i s p a t c h e r  i s  con- 
s i d e r e d  s e p a r a t e l y  because he  o r  s h e  gen- 
e r a l l y  c o o r d i n a t e s  t h e  communications a s  
w e l l  a s  t h e  haulage t r a f f i c .  

I n  s m a l l  mines and bel t -haulage- type 
mines t h e  communication c e n t e r  may be t h e  
r e s p o n s i b i l i t y  of t h e  h o i s t  e n g i n e e r ,  t h e  
supp ly  man, o r  t h e  maintenance foreman. 
Because h o i s t  communication requ i rements  
a r e  un ique ,  they  a l s o  can be t r e a t e d  
s e p a r a t e l y .  

1.4.1 The Working S e c t i o n  Crew 

Under normal o p e r a t i n g  c o n d i t i o n s  
t h e  s e c t i o n  forman communicates by f i x e d  
phone t o  t h e  s h i f t  foreman t o  r e q u e s t  
s u p p l i e s  and maintenance s e r v i c e s  and t o  
f i l e  p e r i o d i c  p r o d u c t i v i t y  r e p o r t s .  
Under emergency c o n d i t i o n s  he must be 
a b l e  t o  r e q u e s t  medical  a i d  f o r  pe rsonne l  
and r e p o r t  hazardous  c o n d i t i o n s  i n  h i s  
a r e a .  

The high a c o u s t i c  n o i s e  l e v e l  c r e -  
a t e d  by t h e  mining machinery g r e a t l y  
reduces  t h e  e f f e c t i v e  communications 
between t h e  foreman and h i s  crew. Th is  
n o i s e  a l s o  i n t e r f e r e s  w i t h  t h e  foreman 
r e c e i v i n g  c a l l s .  Of ten  a  motorman must 
d e l i v e r  a  c a l l - i n  message t o  t h e  foreman 
when he  i s  t r a n s f e r r i n g  h a u l i n g  c a r s  i n  
h i s  s e c t i o n .  Some b e l t  haulage mines 
must even r e s o r t  t o  t u r n i n g  o f f  t h e  con- 
veyor sys tem,  the reby  caus ing  a l l  t h e  
s e c t i o n  foremen t o  c a l l  i n .  Communica- 
t i o n  requ i rements  of t h e  s e c t i o n  crew can 
be s a t i s f i e d  by loudspeaking pager  phones 
t h a t  can e a s i l y  be moved t o  keep them 
w i t h i n  h e a r i n g  range ,  o r  by some form of 
r a d i o  l i n k  (two-way r a d i o ,  pocket  pager ,  
o r  " 'beeper") .  



1.4.2 The Maintenance Crew 

Unl ike  a  working s e c t i o n  crew, t h e  
maintenance crew i s  s p r e a d  throughout  t h e  
mine. The maintenance foreman must be 
a b l e  t o  r e c e i v e  r e p a i r  r e q u e s t s  and d i s -  
p a t c h  h i s  crews f o r  bo th  emergency and 
schedu led  r e p a i r  work. He should a l s o  be 
a b l e  t o  m a i n t a i n  communications w i t h  t h e  
i n d i v i d u a l  crew members w h i l e  they  a r e  i n  
t r a n s i t  o r  a f t e r  t h e y  have a r r i v e d  a t  t h e  
r e p a i r  s i t e .  The d i s p a t c h e r  may prov ide  
a s s i s t a n c e  by r o u t i n g  messages f o r  equip- 
ment r e p a i r  and p a r t s  t o  t h e  foreman from 
t h e  maintenance crew. 

W i r e l e s s  mobile communication equip-  
ment,  l i n k i n g  t h e  maintenance foreman and 
h i s  crew t o g e t h e r ,  would be i d e a l  f o r  t h e  
above t a s k s .  However, any p o r t a b l e  r a d i o  
equipment used must be s m a l l  and l i g h t -  
we igh t  because  crew members a l r e a d y  have 
much t o  c a r r y .  

1.4.3 Motormen 

The motormen a r e  r e s p o n s i b l e  f o r  
c o a l  o r  o r e  hau lage  and t h e  d e l i v e r y  of 
men and s u p p l i e s  t o  t h e  working s e c t i o n s .  
Kights-of-way and t h e  d i s p o s i t i o n  of 
hau lage  c a r s  must be known t o  a l l  motor- 
men t o  avo id  a c c i d e n t s .  I n  mines u s i n g  
t r a c k e d - t r o l l e y  hau lage ,  a c t i v i t i e s  can  
be  c o o r d i n a t e d  by a  t r o l l e y  w i r e  ( c a r -  
r i e r )  phone system. These a r e  known a s  
" c a r r i e r "  s y s  tems because t h e  communica- 
t i o n  i s  " c a r r i e d "  on a  w i r e  n o t  i n t e n d e d  
f o r  communication, i n  t h i s  c a s e  t h e  
t r o l l e y  l i n e ;  t h e  term " c a r r i e r , "  how- 
e v e r ,  r e f e r s  t o  t h e  t echn ique ,  n o t  t h e  
w i r e  i t s e l f .  Th i s  s ing le -channe l  network 
keeps  t h e  d i s p a t c h e r  and a l l  motormen i n  
con t inuous  c o n t a c t  w i t h  one ano ther .  
T h i s  phone system a l s o  a l l o w s  t h e  d i s -  
p a t c h e r  t o  n o t i f y  a l l  motormen of any 
mine emergency. The two drawbacks t o  
t h i s  sys tem a r e  

1. Dead zones ,  which a r e  s e c t i o n s  
o f  t r a c k  where t h e  phone i s  i n o p e r a t i v e  
owing t o  e x c e s s  e l e c t r i c a l  n o i s e  o r  
e x c e s s  a t t e n u a t i o n  of s i g n a l  s t r e n g t h .  

2. T r o l l e y  w i r e  power f a i l u r e s ,  
which cause  t h e  phones t o  go dead. 

(Newer phones have backup b a t t e r i e s  
i n s t a l l e d  i n  each  phone s o  t h i s  may n o t  
be a  problem.) 

I n  s p i t e  of t h e s e  drawbacks, c a r r i e r  
phone systems u s u a l l y  meet t h e  r e q u i r e -  
ments of t h e  motormen, e x c e p t  f o r  a n  
emergency t h a t  s e v e r s  t h e  t r o l l e y  w i r e  o r  
o t h e r w i s e  removes power from t h e  wire .  

I n  mines wi thou t  t r a c k e d - t r o l l e y  
haulage sys tems,  a  r a d i o  l i n k  must be 
e s t a b l i s h e d  t o  a l low motormen t o  remain 
i n  c o n t a c t  w i t h  one ano ther .  

1.4.4 I n s p e c t o r s  and Management 
Personne l  

These people  a r e  underground p r i -  
mar i ly  t o  observe  mine c o n d i t i o n s  and 
personnel .  They should be a b l e  t o  s t a y  
i n  con t inuous  c o n t a c t  w i t h  t h e  communica- 
t i o n  c e n t e r  f o r  t h e  f o l l o w i n g  reasons :  

To be informed of any emergencies 
t h a t  might a r i s e .  

To keep t h e  c e n t e r  informed of t h e i r  
l o c a t i o n .  

To r e c e i v e  c a l l s  from o t h e r  p a r t s  of 
t h e  mine. 

These requ i rements  could  be s a t i s -  
f i e d  by an e f f e c t i v e ,  e x t e n s i v e  w i r e l e s s  
mobile communication system. A v e h i c l e -  
mounted system may be s u f f i c i e n t  i n  some 
c a s e s ,  such a s  t h e  t r o l l e y  c a r r i e r  phones 
i n  t r a c k  haulage mines. 

1.4.5 The Dispa tcher  

The d i s p a t c h e r ' s  l o c a t i o n  i n  some 
mines h a s  developed i n t o  a  communication 
c e n t e r  f o r  a l l  underground o p e r a t i o n s .  
He i s  i n  d i r e c t  c o n t a c t  w i t h  a l l  motormen 
v i a  t h e  t r o l l e y  w i r e  phone system, and 
d i r e c t s  a l l  v e h i c l e  t r a f f i c  i n  t h e  mine. 
I n  some mines,  he  a l s o  c o n t r o l s  t h e  f i x e d  
phone c i r c u i t s  v i a  a  s m a l l  swi tchboard.  
He l o c a t e s  pe rsonne l  by t h e  paging phones 
o r  by r e l a y i n g  messages through t h e  
motormen t o  t h e  s e c t i o n s .  He s e r v e s  a s  
t h e  human c o u p l e r  between t h e  d i f f e r e n t  
phone sys tems ,  and he  i s  i n  t h e  b e s t  



p o s i t i o n  t o  q u i c k l y  n o t i f y  a l l  under- 
ground personne l  of any emergency 
c o n d i t i o n .  

I f  t h i s  e v o l u t i o n  c o n t i n u e s ,  t h e  
d i s p a t c h e r ' s  j o b  w i l l  expand t o  t h e  p o i n t  
where he  may become overworked. For 
s a f e t y  and p r o d u c t i v i t y  reasons  t h e  v o i c e  
t r a f f i c  c o n t r o l  and t h e  moni to r ing  func- 
t i o n  of t h e  d i s p a t c h e r ' s  j o b  cannot  
i n t e r f e r e  w i t h  h i s  prime r e s p o n s i b i l i t y  
of v e h i c l e  t r a f f i c  c o n t r o l .  There fore ,  
i t  may be d e s i r a b l e  t o  t r a n s f e r  t h e s e  
r e s p o n s i b i l i t i e s  t o  o t h e r  p e r s o n n e l  o r  t o  
a u t o m a t i c  d i a l i n g  and a la rm equipment. 
For t h i s  r e a s o n  some mines have e s t a b -  
l i s h e d  a  s e p a r a t e  communication system 
" o p e r a t o r "  p o s i t i o n .  Th is  person has  
r e s p o n s i b i l i t y  f o r  v o i c e  t r a f f i c  c o n t r o l ,  
and a l s o  f o r  moni tor ing env i ronmenta l  
c o n d i t i o n s  i n  t h e  mine. The o p e r a t i n g  
c o n d i t i o n s  of t h e  haulage and mining 
equipment could a l s o  be monitored from 
t h e  communication c e n t e r .  

1.4.6 Hois t  Communications 

A h o i s t - s h a f t  communication system 
shou ld  s a t i s f y  t h e  requ i rements  f o r  com- 
munica t ion  throughout  t h e  f u l l  t r a v e l  
of  t h e  cage,  p rov id ing  two-way v o i c e  com- 
munica t ion  between t h e  cage and t h e  
hoistman. The system shou ld  a l s o  
a l l o w  f o r  shaf  t - i n s p e c t i o n  communication 
between t h e  i n s p e c t o r  and t h e  "hoistman." 
For t h e  modern, automated s h a f t ,  s i g n a l s  
a r e  a l s o  r e q u i r e d  f o r  a  s lack-rope i n d i -  
c a t i o n ,  t o  pe rmi t  s e l e c t i o n  of l e v e l ,  
e n a b l e  i n t e r f a c e  w i t h  i n t e r l o c k s ,  and j o g  
f o r  e x a c t  p o s i t i o n  a t  any l e v e l  o r  s h a f t  
s t a t i o n .  Cage equipment must be s m a l l  
and capab le  of be ing  l o c a t e d  s o  t h a t  i t  
cannot  be damaged by any of t h e  v a r i o u s  
u s e s  of t h e  cage such a s  t r a n s p o r t i n g  
s u p p l i e s  and machinery i n t o  t h e  mine. 

A d d i t i o n a l  microphone-speaker s t a -  
t i o n s  should be l o c a t e d  on each  cage 
l e v e l  when m u l t i l e v e l  "man t r i p "  cages  
a r e  used.  U n t i l  r e c e n t l y ,  b e l l  s i g n a l i n g  
was t h e  only  form of ho i s t - shaf  t communi- 
c a t i o n .  A d i sadvan tage  of t h e  b e l l  s i g -  
n a l i n g  system i s  t h a t  communication 
w i t h  t h e  cage when i t  i s  between l e v e l s  

i s  imposs ib le .  Th i s  d e f i c i e n c y  i s  espe- 
c i a l l y  c r u c i a l  d u r i n g  s h a f t  i n s p e c t i o n  o r  
r e p a i r ,  where movement of t h e  cage must 
be  c o n t r o l l e d  p r e c i s e l y .  Today, however, 
equipment i s  a v a i l a b l e  t h a t  a l lows  two- 
way v o i c e  communication between persons  
i n  t h e  h o i s t  cage and t h e  hoistman o r  
o t h e r  l o c a t i o n s  a t  t h e  s h a f t  t o p  o r  
bottom. 

R e l i a b l e  h o i s t - s h a f t  communication 
should be cons idered  a s  a  v i t a l  p a r t  of 
t h e  o v e r a l l  communication system, espe- 
c i a l l y  d u r i n g  o r  f o l l o w i n g  a n  a c c i d e n t  o r  
d i s a s t e r  s i t u a t i o n .  Exper ience has  
t a u g h t  t h a t  t h e  h o i s t  o f t e n  becomes a  
b o t t l e n e c k  d u r i n g  rescue  o r  e v a c u a t i o n  
o p e r a t i o n s ,  and good communication t o  and 
from t h e  cage i s  e s s e n t i a l .  

1.5 P r e s e n t  Communication Systems 

Communication systems c u r r e n t l y  used 
i n  many mines g e n e r a l l y  c o n s i s t  of two 
sys tems ,  t h e  t r o l l e y  w i r e  c a r r i e r  phones 
and t h e  f i x e d  pager  phones. The t r o l l e y  
w i r e  channel  must be a  p a r t y  l i n e  t o  keep 
a l l  motormen informed of one a n o t h e r ' s  
l o c a t i o n .  The pager phone system i s  
o f t e n  d i v i d e d  i n t o  m u l t i p a r t y  c i r c u i t s  
which a r e  c o n t r o l l e d  by t h e  d i s p a t c h e r .  
For example, one mine s t u d i e d  used e i g h t  
p a r t y  l i n e  phone c i r c u i t s  t e rmina ted  a t  a  
s imple  swi tchboard i n  t h e  d i s p a t c h e r ' s  
o f f i c e .  A l o g i c a l  p a r t i t i o n i n g  of t h e  
pager  phone network i n t o  a  mul t i channe l  
p r i v a t e  l i n e  sys tem would be t o  g i v e  each 
working s e c t i o n  a  s e p a r a t e  l i n e ,  o r  a t  
t h e  most two s e c t i o n s  p e r  l i n e ,  and have 
one common l i n e  f o r  a l l  haulageway 
phones. I n d i v i d u a l  s e c t i o n  phone l i n e s  
wou1.d e l i m i n a t e  peak t r a f f i c  demand dur- 
i n g  p r o d u c t i o n  r e p o r t i n g  t ime and p rov ide  
t h e  s e c t i o n  foreman w i t h  a  p r i v a t e  l i n e  
d u r i n g  a n  emergency s i t u a t i o n .  Other  
phone l i n e s  could be used f o r  moni to r ing  
t h e  environment and equipment. Based on 
d a t a  and survey r e s u l t s  t o  d a t e ,  i t  
appears  t h a t  about two t o  e i g h t  phone 
l i n e s ,  depending on a c t i v i t y  of t h e  mine, 
would be s u f f i c i e n t  t o  p rov ide  e f f i c i e n t  
s e r v i c e  f o r  t h e  working s e c t i o n s  and a l s o  
p rov ide  a  common p r i v a t e  l i n e  f o r  t h e  
haulageways. 



1.6 Summary 

The need f o r  e f f e c t i v e  communication 
between l o c a t i o n s  underground and between 
underground and s u r f a c e  l o c a t i o n s  h a s  
been recognized  f o r  some time. Unfor- 
t u n a t e l y ,  t h e  equipment t o  t o t a l l y  s a t -  
i s f y  t h e s e  requ i rements  i n  underground 
mines h a s  on ly  r e c e n t l y  become a v a i l a b l e .  
P a r t  of t h e  reason  f o r  l a c k  of equip-  
ment can be blamed on t h e  un ique ly  
h a r s h  environment p r e s e n t  i n  underground 
mines. 

D e s p i t e  p a s t  d e f i c i e n c i e s ,  equipment 
i s  now a v a i l a b l e  t o  meet most of t h e  
requ i rements  f o r  e f f e c t i v e  underground 
c o m m n i c a t i o n  systems. The o p e r a t i o n a l  
r equ i rement  of t h e  u l t i m a t e  sys tem may be 
s imply s t a t e d  as fo l lows :  Each i n d i -  
v i d u a l  s h o u l d  be a b l e  t o  i n i t i a t e  and 
r e c e i v e  c o m m n i c a t i o n s  r e g a r d l e s s  of h i s  
l o c a t i o n  w i t h i n  t h e  mine. I n  p r a c t i c e ,  
t h i s  u l t i m a t e  requirement  w i l l  normally 
be modified.  The s i z e  and age  of a  mine, 
o p e r a t i n g  c o n d i t i o n s ,  and economic con- 
s i d e r a t i o n s  w i l l  a f f e c t  t h e  degree  t o  
which a system f u l l y  meets t h i s  u l t i m a t e  
requirement .  

Veh ic les  o p e r a t i n g  on ra i ls  w i t h i n  a  
mine should have a communication u n i t  
mounted i n  every  powered v e h i c l e  
( r e q u i r e d  i n  some S t a t e s ) .  O p e r a t i o n a l  
s a f e t y  is  i n c r e a s e d  when t h e r e  is  
a n  i n t e r v e h i c u l a r  c o m m n i c a t i o n  system. 
Opera to rs  can r e p o r t  t o  e a c h  o t h e r  o r  t o  
a c e n t r a l  d i s p a t c h e r ,  the reby  r e d u c i n g  
t h e  chances  of a  c o l l i s i o n .  C a r r i e d  t o  
t h e  u l t i m a t e ,  t h e  c e n t r a l  d i s p a t c h e r  can 
c o n t r o l  t h e  movement of a l l  v e h i c l e s  a t  
a l l  t imes .  

Of ten  t h e r e  i s  a need t o  c a l l  a man 
who i s  n o t  n e a r  any v e h i c l e  o r  phone. As 
a  minimum, some form of paging c a p a b i l i t y  
s h o u l d  be i n c l u d e d  i n  t h e  o v e r a l l  mine 
phone sys tem t h a t  can  be used  t o  t e l l  a  
c a l l e d  p a r t y  t o  go t o  t h e  n e a r e s t  phone 
and r e t u r n  t h e  c a l l .  The a b i l i t y  t o  com- 
municate  w i t h  men underground, no m a t t e r  
what t h e i r  l o c a t i o n ,  i s  e s s e n t i a l  t o  t h e  
e f f i c i e n c y  of any mine. S a f e t y  and pro- 
d u c t i v i t y  a r e  d i r e c t l y  r e l a t e d ,  and bo th  
depend upon good communications. I n  

a d d i t i o n  t o  t h e  obvious advantages  of 
r e l i a b l e  and e f f e c t i v e  communications, 
t h e r e  a r e  i n t a n g i b l e  b e n e f i t s  t h a t  may 
n o t  be recognized:  

1. The g e n e r a l  a t t i t u d e  of t h e  
underground workforce  w i l l  be improved i f  
they  know t h a t  they  a r e  n o t  "cut  o f f "  
communicationwise from t h e  s u r f a c e .  

2. Mines w i t h  good c o m m n i c a t i o n  
systems shou ld  be a b l e  t o  more e f f e c -  
t i v e l y  compete i n  t h e  l a b o r  market. High 
t u r n o v e r  r a t e s ,  which a r e  c o s t l y  owing t o  
t r a i n i n g  requ i rements ,  w i l l  be reduced. 

3. Mines w i t h  e f f e c t i v e  comnunica- 
t i o n  systems and good s a f e t y  r e c o r d s  a r e  
u s u a l l y  s u b j e c t e d  t o  i n s p e c t i o n s  l e s s  
f r e q u e n t l y ,  and s i n c e  s t u d i e s  have shown 
t h a t  p roduc t ion  r a t e s  d e c r e a s e  when i t  i s  
known t h a t  i n s p e c t i o n  personne l  a r e  on 
t h e  p r o p e r t y ,  t h e  e f f e c t  on p r o d u c t i o n  
shou ld  be good. 

Adequate communications w i t h i n  a  
mine and t o  t h e  s u r f a c e  i s  a  v i t a l  p a r t  
of t h e  p roper  o p e r a t i o n  of a n  under- 
ground f a c i l i t y .  Th i s  c o m m n i c a t i o n  
c a p a b i l i t y  i s  n o t  only  an impor tan t  
f a c t o r  i n  t h e  concept  of s a f e t y  precau- 
t i o n s ,  bu t  a l s o  an a i d  t o  t h e  day-to-day 
o p e r a t i o n s  and t h e  t a s k  of moving t h e  
mined product  t o  t h e  s u r f a c e .  The mining 
i n d u s t r y  e x i s t s  t o  b r i n g  t h e  product  o u t  
and t o  b r i n g  i t  o u t  s a f e l y  and econom- 
i c a l l y .  Adequate communication i s  one of 
t h e  t o o l s  a v a i l a b l e  t o  assist i n  t h i s  
t a s k .  

I n  a l i k e  manner, a  j u d i c i o u s  c h o i c e  
of remote moni to r ing  and c o n t r o l  of 
pa ramete rs  i n  t h e  underground environment 
and on s e l e c t e d  machinery w i l l  y i e l d  a  
c o s t  sav ings  i n  p roduc t ion  and augment 
s a f e t y .  Many man-hours and d o l l a r s  can 
be saved by knowing c o n d i t i o n s  b e f o r e  
t h e y  become a  problem. S i t u a t i o n s  t h a t  
could  be d i s a s t r o u s  can be p r e d i c t e d  and 
p r o p e r  s o l u t i o n s  implemented b e f o r e  t h e  
d i s a s t e r  occurs .  Proper  environmental  
and machine moni to r ing  i s  a n o t h e r  key 
t o  s a f e r ,  more p roduc t ive  underground 
mining. 
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